Procedures for differentiation between wild and vaccine-derived strains ofpoliovirus are required, particularly in countries where wild and vaccine-related strains coexist. For this differentiation, we tested the method of Inouye and Hondo (S. Inouye and R. Hondo, Arch. Virol. 129:311-316, 1993) for discrimination ofclosely related viruses by using stringent microplate hybridization of PCR products. We used a pair of primers with enterovirus common sequences (between these primers there is a variable region for capsid proteins) for PCR using templates from wild and vaccine-derived poliovirus strains which were isolated in tissue culture and serotyped by neutralization assay. We also used the same primers for preparation of probes, which were labelled by incorporation of biotin-dUTP in the PCR, with the three original Sabin vaccine virus strains used as templates.
viruses by using stringent microplate hybridization of PCR products. We used a pair of primers with enterovirus common sequences (between these primers there is a variable region for capsid proteins) for PCR using templates from wild and vaccine-derived poliovirus strains which were isolated in tissue culture and serotyped by neutralization assay. We also used the same primers for preparation of probes, which were labelled by incorporation of biotin-dUTP in the PCR, with the three original Sabin vaccine virus strains used as templates.
The amplified DNAs from the isolates were immobilized on microplate wells and were then hybridized with the labelled probes. We found that, under the usual hybridization conditions, the Sabin vaccine virus strain probes hybridized with both wild and vaccine-derived viruses, but under stringent conditions, they reacted only with vaccine-derived viruses of the same serotype, clearly differentiating these from wild-type viruses.
In developing countries, both wild and vaccine-derived strains of poliovirus are predominant; it is necessary to determine whether the poliovirus strains isolated from patients with poliomyelitis are vaccine derived.
However, in contrast to the relative ease of serotype differentiation, which is done by neutralization with typespecific hyperimmune polyclonal antisera, strain differentiation has not been simple. For this purpose, several methods have been used. The rct (reproductive capacity at supraoptimal temperature) marker test (7) discriminates wild from vaccine-derived strains by their growth characteristics at higher temperatures. The McBride (8) and Wecker (10) tests compare the kinetic curves of neutralization with the use of hyperimmune sera to the Sabin vaccine viruses. Oligonucleotide fingerprinting (6) compares the migration patterns of RNase Tl-digested oligonucleotides in two-dimensional electrophoresis. These tests require expertise and are timeconsuming. Recently, vaccine strain-specific monoclonal antibodies have been described (16) . However, a monoclonal antibody reacts with only one epitope, and if the epitope structure of a vaccine-derived strain is changed by mutation, the virus can no longer be identified by the vaccine-specific monoclonal antibody.
In the study described here, we tested the method developed by Inouye and Hondo (3), stringent microplate-hybridization of PCR products, for the strain differentiation of polioviruses which were isolated in tissue culture and serotyped by neutralization assay.
First, we designed a pair of common primers for PCR of all These primers are nearly identical to those described by Olive et al. (12) . Between these conserved sequence primers is a variable region of -610 bases which consists of a part of the 5'-noncoding region, the entire VP4 region, and one-third of the VP2 region. Next, we prepared amplified DNA fragments from poliovirus strains. We used three wild strains of each serotype isolated from Pakistani children and three vaccine-derived strains of each serotype isolated from Japanese children; these strains were identified as wild type or vaccine derived by the test of McBride (8) Virus preparation and RNA extraction were carried out as described previously (4) . Briefly, viruses were grown in HeLa cells, and the virus-containing fluids from lysed cells were treated with 0.5% sodium dodecyl sulfate. Virions were pelleted through a 30% sucrose cushion, and then virion RNA was extracted with phenol-chloroform and precipitated in ethanol. Then, cDNA was synthesized with reverse transcriptase from avian myeloblastosis virus (Seikagaku Kogyo, Tokyo, Japan) and with a mixture of oligo(dT)1218 (Pharmacia LKB Biotechnology, Tokyo) and the right-side primer mentioned above. Then, PCR was carried out with the cDNA as the template and with the primer set described above and thermostable DNA polymerase from Thermus aquaticus (Boehringer Manheim, Tokyo, Japan). Amplification, which was programmed for 35 cycles of denaturation at 94°C for 1 72°C for 3 min, was performed in a DNA thermal cycler (Perkin-Elmer Cetus). The PCR products were treated with phenol-chloroform and then precipitated with ethanol in the presence of 2.5 M ammonium acetate.
Biotin-labelled probes were prepared by PCR as described previously (2) . The templates used were purified DNAs which were prepared by agarose gel electrophoresis from the PCR products of the three Sabin prototype virus strains; Finally, we carried out the hybridization in microplate wells as described previously (3) . The amplified DNAs were heat denatured and were then serially diluted 10-fold with 1.5 M NaCl as the diluent and adsorbed to microplate wells at 37°C for 2 h. The immobilized DNAs were then hybridized with the labelled probes overnight in two microplates (42 and 56°C, respectively) in the presence of 50% (vol/vol) formamide and 0.75 M NaCl. The hybridization signal was produced with streptavidin-conjugated ,-galactosidase and a fluorogenic substrate, 4-methylumbelliferyl-j-D-galactoside, as described previously (2) . Figure 1 shows the hybridization results. At 420C, the vaccine probes of each type hybridized with the DNA products from all strains of the same type. However, at a more stringent 56°C, the probes hybridized only with vaccine and vaccine-derived strains, clearly distinguishing between the vaccine-derived and wild strains. (The type 1 Sabin probe reacted with the wild Mahoney strain; this is reasonable because the Mahoney virus is the parent strain of the type 1 Sabin vaccine strain, having only three different bases in the amplified region, according to the sequence data for the respective viruses [5, 13, 15] .)
In many developing countries, polio eradication programs are now under way; the oral live vaccines are increasingly being used. Both wild and vaccine-derived strains of poliovirus are probably circulating concurrently. The technique described here may be useful for easier genetic differentiation of isolated strains.
An advantage of this technique is its ability to roughly estimate the genetic homology between strains without carrying out nucleotide sequencing. This method may be applicable to molecular epidemiologic studies of RNA viruses, which are known to be highly mutable (1, 9, 11, 14) . The degree of genetic relatedness between strains belonging to a virus type can be analyzed by hybridization at various stringencies together with the use of probes prepared from different representative strains.
